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ENGLISH TRANSLATION 



Method for the production of a lysate used for 
cell-free protein biosynthesis. 



Field of the invention. 

The invention relates to a method for the 
production of a lysate and to the use of the 
lysate, wherein the lysate has a low activity of 
essential translation products, used for cell- 
free protein biosynthesis of synthetic proteins. 



Background of the invention. 

Proteins in high purities, in particular how- 
ever also in high quantities are needed for bio- 
technological and medical applications. In most 
cases, a classic synthesis is not possible, at 
any case not economical. This relates in par- 
ticular to the production of modified proteins 
or of proteins containing non-natural amino ac- 
ids. 
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One possibility of the production of proteins 
in a larger scale is the genetic production. For 
this purpose, the cloned DNA coding for the de- 
sired protein is introduced in cells, in par- 
5 ticular prokaryotic cells as a foreign DNA in 

the form of vectors or plasmids. These cells are 
then cultivated, and the proteins coded by the 
foreign DNA are expressed and extracted. In this 
way higher guantities of proteins can be ob- 

10 tained, however the measures known up to now, in 

particular cloning, are expensive. Further, the 
cells are in most cases only transiently trans- 
fected and only in exceptional cases stably im- 
mortalized. Furthermore, the in vitro protein 

15 biosynthesis has several drawbacks: the cell-own 

expression system suppresses the expression of 
heterologous gene structures, or respective mRNA 
or gene products are instable or are destroyed 
by intracellular nucleases or proteases. For 

20 toxic end products, the expression leads to an 

inhibition or even to the death of the organism. 
These problems are responsible for that a dis- 
tinct over-production of the desired protein is 
hardly possible. 

25 The cell-free protein biosynthesis is an ef- 

ficient alternative for the synthesis of pro- 
teins by genetically modified organisms, since 
herein the above phenomena are avoidable. Known 
cell-free protein biosynthesis systems are lys- 

30 ates of rabbit reticulocytes, from wheat 

sprouts, and bacterial S30 extracts. Methods for 
the production of a lysate are well known to the 
man skilled in the art. It continues being prob- 
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lematic, however, when using a lysate that the 
lysate may contain components, which disturb- 
ingly affect the production of the desired pro- 
tein and thus reduce the yield. The negative ef- 
5 feet of such components may be eliminated by the 

inhibition or removal thereof from the lysate. 
Disturbing activities when producing lysates are 
eliminated only by that the content of the cell 
during the processing of the components impor- 

10 tant for the protein biosynthesis is fractioned. 

During this process, for instance membrane and 
cell wall components, a large portion of the 
chromosomal DNA and 1 o w - mo 1 e c u 1 a r components are 
separated. Remaining activities have to be re- 

15 moved in further processing steps or prevented 

beforehand by genetic modification of the organ- 
ism. 

From the document US 6,337,191, the use of a 
lysate for the production of proteins with an 

20 improved energy regeneration system, in which as 

an option disturbing enzyme activities are addi- 
tionally eliminated by inhibition or removal of 
the undesired enzymes is known in the art. Po- 
tential methods are the knockout method, an- 

25 tisense or further known methods for removing 

proteins, such as the affinity chromatography. 

Further, lysates from genetically modified 
cell strains are known in the art, which are de- 
ficient of certain activities. As an example the 
30 genetically modified E. coli strain EcoPro T7 

from Novagen is mentioned here, which lacks the 
proteases Ion and ompT . 
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In special cases, the protein disturbing the 
in vitro protein biosynthesis is imperative for 
the growth of the organism. An inactivation of 
the enzyme inevitably leads to the death of the 
5 organism. In such cases, the enzyme is to be in- 

activated or removed later. The above-mentioned 
document US 6,337,191 lists various methods for 
this purpose . 

By the cell-free protein biosynthesis, in 

10 particular synthetic proteins comprising unnatu- 

ral amino acids can be produced. The codon of an 
amino acid is transformed by mutation into a 
non-sense codon according to a termination cod- 
on. The incorporation of unnatural amino acids 

15 is performed BY tRNA's being complementary to 

this termination codon, said tRNA's being syn- 
thetically loaded with the unnatural amino ac- 
ids. The termination codon UAG is the amber 
codon, accordingly the tRNA's being complemen- 

20 tary to the termination codon UAG are called am- 

ber-suppressor tRNA's. The incorporation of un- 
natural amino acids by means of ambe r - supp r e s s o r 
tRNA's at the UAG stop codon is however in di- 
rect competition with the chain termination by 

25 the natural termination factor 1 (RF1). Under 

certain circumstances, the competition is so 
strong that only a small part of the aminoacyl 
tRNA is used for the protein synthesis, and an 
undesired large portion of the capacity of the 

30 translation system is used for the synthesis of 

terminated peptides. The consequence of this 
competitive behavior is a poor incorporation of 
the unnatural amino acid and thus a lower yield 
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of modified protein, connected with a high num- 
ber of undesired side products comprising prema- 
turely interrupted or terminated protein chains. 

In the document Shimizu et a 1 . ; Nature Bio- 
5 tech 1 9 ( 8 ) : 7 5 1- 7 5 5 , 1 9 9 1, a pure system is de- 

scribed, in which a suppressor t RN A efficiently 
works, if RF1 is left away. 

From the document Short et al . ; Biochemistry 
38:8808-8819, 1999, a t e mp e r a t u r e - s e n s i t i ve ter- 

10 mination factor 1 from E. coli is known, which 

is inactivated by mildly heating the lysate. The 
increase of the yield with unnatural amino acids 
of modified proteins is significant. Equally, 
less side products have to be encountered when 

15 producing the protein DHFR. Disadvantageous, in 

this method, is the heating of the lysate, 
thereby further t he rmo s e n s i t i ve factors of the 
protein apparatus being destroyed. 



20 Technical object of the invention. 

It is the technical object of the invention 
to provide a method for the production of a lys- 
ate used for cell-free protein biosynthesis, 
which is simple, and wherein the lysate permits 
25 increased yields of synthetic protein in the 

usual cell-free protein biosynthesis method. 
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Definitions . 

The term "lysate" comprises all active cell 
extracts produced by the disintegration of eu- 
karyotic or prokaryotic cells. 

5 "Essential translation products" are gene 

products, which are imperatively needed for the 
survival and/or proliferation of a cell. 

"Synthetic proteins" are proteins produced in 
a cell-free way . 

10 "Reduced yield" means that the yield of a 

synthetic protein by cell-free protein biosyn- 
thesis in a lysate, which contains the essential 
translation product, is smaller by 10% related 
to the weights, preferably 20% to 80%, particu- 

15 larly preferably by more than 90% than the yield 

of the same synthetic protein in a lysate of the 
same type and under otherwise identical condi- 
tions, from which lysate, however, the essential 
translation product has been separated. 

20 A "marker sequence" represents a structure, 

which serves for the identification of mole- 
cules, among others of proteins. Such a struc- 
ture may be a short sequence of amino acids, 
wherein the number of amino acids preferably is 

25 smaller than 10, in particular between 4 and 8. 

As an example, such a structure is a tag. A 
marker sequence may also code for enzymes, by 
means of which the marked molecule can be iden- 
tified and also separated. 
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A "selection sequence" codes for a structure, 
wherein under certain circumstances only the 
carrier of this selection sequence is permitted 
to survive. Usually these are resistance genes 
5 with regard to certain antibiotics. Further se- 

lection sequences may originate from the metabo- 
lism of the nucleic acids or of the amino acids. 

The term "lysis" designates the dissolution 
of cells by destruction of the cell wall or cell 
10 membrane either under contribution of lytic en- 

zymes or by mechanical or chemical effects. 



Basics of the invention. 

For achieving this technical object, the in- 

15 vention teaches a method for the production of a 

lysate used for cell-free protein biosynthesis, 
comprising the following steps: a) a genomic se- 
quence in an organism, which codes for an essen- 
tial translation product that reduces the yield 

20 of cell-free protein biosynthesis, is replaced 

by a foreign DNA located under a suitable regu- 
latory element, said foreign DNA coding for the 
essential translation product that additionally 
contains a marker sequence; b) the organism 

25 cloned according to step a) is cultivated; c) 

the organisms from the culture obtained in step 
b) are lysed; and d) the essential translation 
product is separated from the lysate obtained in 
step c) by means of a separation process that is 

30 selective for the marker sequence. The regu- 
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latory element may also be foreign, it may how- 
ever also be a naturally existing regulatory 
element. In the first case, the regulatory ele- 
ment must be introduced in the same step as the 
5 introduction of the foreign DNA or in a step 

different thereof. 

The production of the lysate according to the 
invention is simple, and the obtained lysate 
permits higher yields of synthetic protein in 
10 cell-free protein biosynthesis methods, in par- 

ticular a high yield of proteins with non-natu- 
ral amino acids . 

This is achieved by that the essential trans- 
lation product is provided with a marker se- 

15 quence, by means of which the essential transla- 

tion product is removed from the lysate or in- 
hibited in its activity because of the affinity 
of the marker sequence. The modification of the 
essential translation product is performed in 

20 the chromosomal gene of the protein, such that 

the essential translation product is expressed 
in fusion with the marker sequence. A marker se- 
quence codes for a structure, which has a high 
affinity for (in most cases immobilized) binding 

25 sites in separation systems for the purification 

or to inhibitors. Thereby the activity of the 
essential translation product can be removed 
from a mixture of proteins or a mixture of arbi- 
trary molecules, which do not contain the marker 

30 sequence . 
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By the incorporation of the marker sequence 
in the chromosomal gene of the essential trans- 
lation product of the organism is achieved by a 
stable transformation of the organism. Under 
5 this condition, a cultivation of the genetically 

modified organism is possible without a loss of 
its additional genetic information, and that 
even without selection pressure. 

A preferred feature of the present invention 

10 is that the marker sequence does not affect the 

protein properties of the essential translation 
product. An active essential translation product 
is advantageous for a successful cultivation of 
the genetically modified organism. The determi- 

15 nation of the functionality of the essential 

translation product provided with a marker se- 
quence takes place by an assay being specific 
for the function of the essential translation 
product. For this purpose, a DNA fragment coding 

20 for the essential translation product and the 

marker sequence is translated by an expression 
PCR. The functionality is evaluated on the basis 
of the synthesis rate of the product, in the 
synthesis of which the essential translation 

25 product is involved. The synthesis rate in pres- 

ence of the native essential translation product 
is compared to the synthesis rate in presence of 
the modified essential translation product, and 
the functionality is thus evaluated. The func- 

30 tionality of the essential translation product 

is not affected by the marker sequence, if the 
product synthesis rate of the marked essential 
translation product is 10%, preferably 40 to 
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60%, in particular over 90% of the synthesis 
rate of the native essential translation prod- 
uct. 

The lysate from a stably transformed organism 
5 according to the invention contains up to 100% 

w/w (referred to the total amount of translation 
product) of the essential translation product in 
fusion with the marker sequence and is contami- 
nated, if at all, only slightly (< 10% w/w, even 

10 < 1% w/w, referred to the total amount of trans- 

lation product) with the natural essential 
translation product. By the marker sequence, the 
essential translation product undesired in the 
lysate can easily and efficiently by removed 

15 from the lysate. Consequently, the protein bio- 

synthesis of synthetic proteins, in which non- 
natural amino acids are incorporated, can be 
performed more quickly, at higher yields and 
with a smaller number of side products. 

20 Another advantage of the invention is that 

only one undesired component can specifically be 
removed from the lysate. It may however also be 
possible that several undesired translation 
products are provided with different marker se- 

25 quences, advantageously however with the same 

marker sequence, such that all undesired trans- 
lation products can be removed by using one 
separation method. Insofar, the step a) of the 
method can be performed for different transla- 

30 tion products, and the marker sequences may re- 

spectively be identical or different. 
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Embodiments of the invention. 

The cloning of the organism can be performed 
by transformation methods well known to those 
skilled in the art, such as microinjection, 
elect roporat ion , or by chemically mediated re- 
ceptions of the DNA. 

The isolation of the successfully cloned or- 
ganism is performed by using the selection se- 
quence according to methods known to those 
skilled in the art. 

The cultivation of the organism may be per- 
formed in a batch, fed-batch or continuous 
method . 

Equally, the protein biosynthesis of syn- 
thetic proteins comprising non-natural amino ac- 
ids may be performed in a batch, fed-batch or 
continuous method. 

The lysis of the cells takes for instance 
place by mechanical action such as h i gh -p r e s su r e 
homogenization, by ultrasound or by decomposi- 
tion in ball mills. 

In another preferred embodiment, the essen- 
tial translation product is the termination fac- 
tor RF1, which detects the termination codon 
UAG . It is understood that the essential trans- 
lation product can also be selected from other 
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proteins, which reduce or disturb the function 
of a lysate for the cell-free protein biosynthe- 
sis. For instance, the essential translation 
product may be another termination factor or a 
5 protein, which interacts with a termination fac- 

tor, for instance HeraK. Other factors of the 
translation, the inactivation of which would be 
lethal for the living cell, the removal of which 
however exerts a positive influence on the effi- 

10 ciency of the translation or other applications 

of the lysate, can for the purpose of the inven- 
tion be removed from the lysates. For instance, 
the essential translation product may comprise 
an aminoacyl t RN A synthetase, the removal of 

15 which would lead to an inactivation of the re- 

spective tRNA's detected by the synthetase, such 
that at last a certain amino acid can be re- 
placed by another one at selected codons. In 
this context is for instance preferred the cys- 

20 teinyl tRNA synthetase, by the removal of which 

from the lysate the two codons for cysteine 
would be available for other - in particular 
also unnatural or modified - amino acids. In 
principle, all aminoacyl tRNA synthetases, in 

25 particular those, which relatively rarely acti- 

vate amino acids contained in proteins, are 
imaginable. Another essential translation prod- 
uct is the methionyl tRNA t r a n s f o r my 1 a s e cata- 
lyzing the formylation of the prokaryotic me- 

30 thionyl initiator tRNA (Met-tRNAf ) . The removal 

of this enzyme - or also of another enzyme of 
the formylation pathway - from a system for the 
cell-free protein biosynthesis would essentially 
reduce or even completely eliminate the transla- 
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tion initiation with natural methionine. Thereby 
the efficiency of initiator tRNA's, which have 
been preacylated with N - f o r my 1 a t e d modified or 
unnatural amino acids, for instance fluorescent 
5 or biotinylated amino acids, could considerably 

be increased, and thus the synthesis of 
co t r a n s 1 a t i o n a 1 1 y N-terminally modified proteins 
could enormously be raised. The marking degree 
of such modified proteins could also 

10 substantially be increased, probably up to 

nearly 100%. Another possibility is to take an 
initiation factor from the system, in order to 
specifically intervene in the initiation. For 
instance, this factor could then be given back 

15 into the system, together with preacylated tRNA, 

or be replaced by another initiation factor. 
Other examples for essential translation 
products can be selected from the group of the 
phosphatases and for instance positively 

20 influence the energy consumption of the lysates. 

The manipulation of enzymes of the amino acid 
metabolism, for instance the removal of amino 
acid transferases or isomerases, is suitable for 
permitting the introduction of individual marked 

25 amino acid species without scrambling. Of 

course, essential translation products may also 
be selected from the group of eukaryotic 
proteins. Here can for instance be named factors 
of the eukaryotic translation inhibitors, such 

30 as eIF2. This factor has a regulatory sub-unit, 

eIF2a, which inhibits in its pho sphor yla t ed form 
the initiation of the translation. Since eIF2 is 
also active without this sub-unit, the removal 
of eIF2a would lead to an improvement of the 
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translation initiation and thus to an improve- 
ment of the protein yields in the eukaryotic 
cell-free system. Factors from the group of the 
nucleases, proteases, kinases, racemases, isom- 
5 erases, dehydrogenases or polymerases may also 

be preferred targets of the prokaryotic or eu- 
karyotic system. 

In a particular embodiment, the marker se- 
quence is selected from the group "streptag-II, 

10 po 1 yh i s t i di n e , FLAG, po 1 y a r g i n i n e , polyaspar- 

tate, polyglutamine , po 1 yphe n y 1 a 1 a n i n e , poly- 
cystin, Myc, gluthathione S - 1 r a n s f e r a s e , protein 
A, maltose-binding protein, g a 1 a c t o s e - b i n d i n g 
protein, chloramphenicol acetyl transferase". 

15 Further examples are mentioned in the patent 

claims . 

The marker sequence and the chromosomal gene 
of the essential translation product are ex- 
pressed as a fusion protein. In a preferred em- 

20 bodiment, the marker sequence is a streptag-II, 

a peptide structure of 8 amino acids with affin- 
ity to streptactin. For instance, the expressed 
termination factor RF1 may comprise the strep- 
tag-II at the c-terminal end. The separation of 

25 the RFl-streptag-II fusion protein is performed 

correspondingly at an affinity matrix loaded 
with streptactin or other Sll-binding matrices. 
The separation may be performed on the basis of 
column-chromatographic methods, but also by 

30 batch methods. It is understood that another 

marker sequence and its respective affinity 
partner may also be used. An example is the 
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poly-His tag. A poly-His tag normally consists 
of six successive histidine residues, may how- 
ever have a length between 4 and 10 residues. In 
another preferred embodiment, the isolation of 
5 the essential translation products is performed 

by corresponding antibodies, antibody fragments 
or by aptamers. Under certain circumstances, the 
affinity of the binding partners also causes a 
simultaneous inhibition of the activity of the 
10 essential translation product. 

With regard to the selection of the method 
for protein separation, a method is to be se- 
lected, which does not affect the translation 
activity of the lysate, i.e. does not separate 
15 important reaction components of the translation 

system . 

In principle, the organism may be a eukaryote 
or a prokaryote. It is particularly helpful, if 
the organism for the production of a lysate is a 
20 prokaryote. With regard thereto, reference is 

made to the patent claims. Particularly suitable 
is the translation system from Escherichia coli. 

The invention further teaches a lysate for 
the cell-free protein biosynthesis having a re- 

25 duced activity of an essential translation prod- 

uct and the use thereof for the production of 
synthetic proteins comprising non-natural or 
modified natural amino acids. In a preferred em- 
bodiment, the lysate comprises a reduced activ- 

30 ity of a factor involved in the termination, 

preferably RF1. An example for the production of 
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modified synthetic proteins is the incorporation 
of biotinyl-lysine (biocytin) by means of an am- 
ber-suppressor tRNA aminoacylated with the amino 
acid. With regard to the synthesis and purifica- 
5 tion of biotinylated or other streptactin-bind- 

ing proteins, the system has another advantage: 
Since endogenous biotinylated proteins are also 
separated during the separation of RF1-II, a 
contamination of synthetic proteins, which are 

10 purified by means of streptavidin or similar ma- 

trices, with biotinylated proteins from the pro- 
duction strain is prevented. The lysate also 
permits however the more efficient incorporation 
of other functional groups in proteins, particu- 

15 larly preferred the incorporation of fluoropho- 

res, or that of a universally reactive group, by 
which other functions can selectively and posi- 
tion-specifically be coupled. An alternative of 
use is also the incorporation of natural amino 

20 acids, which may be present for instance in an 

isotope-marked or s e 1 e n i urn- c o n t a i n i n g structure. 

The loading of the amber suppressor tRNA with 
the unnatural amino acid can be performed with 
the so-called chemical ami n o a c y 1 a t i on or also by 

25 means of enzymes, for instance synthetases or 

ribozymes. It is also possible to combine enzy- 
matic and different chemical methods with each 
other. For instance, the tRNA can first be ami- 
noacylated chemically or e n z yma t i c a 1 1 y with ly- 

30 sine, cysteine or another amino acid containing 

a reactive function in the side chain. Then, to 
the corresponding aminoacyl tRNA, via the reac- 
tive function of the amino acid, an interesting 
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functional group, for instance a flurophore, is 
coupled by using conventional chemical methods. 
For instance, the sulfhydryle group of cysteine 
can be modified by maleimide, or an amino group 
5 by an NHS ester. The aminoacyl binding of the 

t RNA can be stabilized during the modification, 
for instance by the presence of a protective 
group at the alpha amino group. 

The system is suitable for answering and 

10 solving scientific questions of the protein re- 

search. Further, the system is in principle 
suitable for a ribosome display, since after re- 
moval of a termination factor the respective 
codon cannot be read, and thus the ribosomal 

15 complex of mRNA, synthetic protein and ribosome 

has an increased stability. The system also per- 
mits a defined introduction of puromycin or re- 
spective derivatives at the position of the 
above-mentioned codon. Puromycin normally com- 

20 petes with the ternary complex or termination 

factors and is statistically added to the end of 
the growing protein chain. The generation of a 
"starved" codon by the removal of a termination 
factor permits the defined incorporation of 

25 puromycin at this position. In this way, func- 

tions can be appended to synthetic proteins, 
said functions being coupled to the puromycin, 
for instance DNA oligomers, sugar or other com- 
ponents . 

30 In another embodiment, the lysate may also 

have a reduced activity of another essential 
translation product, for instance one of the 
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group of the phosphatases, the nucleases, the 
synthetases or proteases. Thereby the production 
of such synthetic proteins can be improved, the 
synthesis of which is limited by the activity of 
other essential translation products than by the 
activity of the termination factors. 

It is also possible, by means of the dis- 
closed method, to remove certain essential 
translation products from the lysate, which dis- 
turb the answers to certain scientific ques- 
tions, or the removal of which permits an inves- 
tigation of certain questions. 

In the following, the invention is explained 
in more detail by way of non-limiting examples. 



Example 1: Competitive behavior of RF1 and am- 
ber suppressor tRNA. 

In Fig. 1 there is shown a diagrammatical 
representation of the competitive behavior of 
RF1 and of an amber suppressor tRNA. Depending 
upon which of the two molecules pairs with the 
codon U AG , the protein is terminated or incorpo- 
rated in an amino acid, and the translation is 
continued by forming the suppression product. 



Example 2: P r e - i n ve s t i ga t i o n s of the function- 
ality of RF1-SII: expression PCR. 
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Since an inactivation of the termination fac- 
tor RF1 would be lethal for the organism, the 
influence of the appended streptag II on the ac- 
tivity of RF1 was investigated. For this inves- 
5 tigation, RF1 was translated exclusively of ex- 

pression PCR products. Fig. 2 shows the prepara- 
tive expression and purification of RF1-SII. R 
represents the in vitro translation reaction, D 
the run number, Wl, W2, W3 the wash fractions 
10 and El, E2, E3 the elution fraction. 



Example 3: P r e - i n ve s t i ga t i o n s of the function- 
ality of RF1-SII: amber suppressor 
assay. 

Fig. 3 shows the functional test of RF1-SII 
in the amber suppressor assay. The numeral 1 in 
Fig. 3A designates the execution of the array in 
a batch without addition of suppressor t RN A . The 
numerals 2 to 5 are batches with suppressor t RN A 
(1 uM) . Batch 2 does not contain any RF1-SII. 
The batches 3 to 5 are enriched with purified 
RF1-SII (3: 0.0625 uM, 4: 0.13 uM, 5: 0.26 uM). 
Fig. B shows the tRNA selection rate in depend- 
ence on the addition of RF1-SII. The "tRNA se- 
lection rate" is calculated by determining the 
molar guantities of synthetic suppression and 
synthetic termination based on a Ph o s pho I ma g e , 
and the ratio of the two values is calculated. 
The increase of the RF1-SII shares in the batch 
will lead to an increased production of the ter- 
mination products. Fig. 3B shows the tRNA selec- 
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tion rate in dependence on the quantities RF1- 
SII in the batch. The t RN A selection rate drops 
with the addition of RF1-SII from 3.5 to below 1 
and can further be reduced by increasing the 
5 RF1-SII share. This confirms that RF1-SII is in 

principle active. 



Example 4: P r e - i n ve s t i ga t i o n s of the function- 
ality of RF1-SII: activity compari- 
10 son with native RF1. 

Fig. 4 represents the comparison of the func- 
tionality and activity of tagged and of native 
RF1 in the amber suppression assay. RF1-SII 
shows a comparable activity as RF1 . Fig. 4B 

15 shows for RF1-SII in dependence on the added 

quantity of matrix a smaller synthesis rate than 
RF1. Under consideration of the synthesis rates 
of RF1-SII and native RF1, then the t RN A selec- 
tion rates were determined in presence of both 

20 proteins during the expression of the reporter 

proteins F AB P Amb 8 8 from the Phospholmage (Fig. 
4A) . The matrix ( p HMFAAmb 8 8 ) coding for the re- 
porter protein contains an amber mutation at the 
amino acid position 88. The t RN A selection rate 

25 in presence of RF1-SII is nearly identical to 

that in presence of native RF1 (diagram 4C) . 
Both proteins have thus a comparable activity. 
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Example 5: Simulation of the removal of RF1-SII 
from lysates . 

For the simulation of the removal of RF1-SII 
from lysates, RF1-SII was produced p r ep a r a t i ve 1 y 
5 and marked with 14 C leucine (100 dpm/pmole) . 

Thereafter, the synthesized, purified RF1-SII 
was added to an S30 lysate in a final concentra- 
tion of 0.1 uM (in lx TLM buffer, 215 A 26 o/ml). 
The separation of the RF1-SII is performed by a 

10 streptactin column, and in total 500 ul lysate 

(= approx. 110 A 2 6 o ) were applied to 200 ul col- 
umn in three steps of 166 ul each. The washing 
volumes were 2 0 0 ul each. In Fig. 5 there is 
shown the elution behavior of lysate components 

15 and in particular of RF1-SII with and without 

addition of NaCl and the respective share of 
RF1-SII in the lysate. Fig. 5A shows the elution 
behavior of lysate components. From Fig. 5A can 
be seen that the lysate components were for the 

20 most part not or only unspecif ically bound to 

the column. U n s p e c i f i c a 1 1 y bound lysate compo- 
nents were slightly eluted again by washing 
(wash fractions) . The employed method thus does 
not reduce the activity of the lysate by separa- 

25 tion of desired lysate components. In Fig. 5B 

there is shown the elution behavior, and there 
is disclosed that RF1-SII specifically binds to 
the streptactin column and is only eluted by the 
elution solution from the column (elution frac- 

30 tion, Fig. 5B). In the fractions of the run and 

the wash, RF1 is contained to a small degree 
only. The Figs. CI and C2 show the share of RF1- 
SII in the lysate in dependence on the respec- 
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tive separation step. Fig. CI contains the val- 
ues dpm RFl/ml in relation to OD2 6 0 /ml of the 
lysate. The share of RF1-SII (dpm/OD260) in the 
pure lysate in Fig. 5C1 is set to 100% in Fig. 
5C2, so that Fig. 5C2 represents the percentage 
share of RF1-SII in the lysate. Fig. 5C2 shows 
that RF1-SII is contained in the lysate to a 
clearly smaller degree after the separation 
steps "run" and "wash fraction". 



Example 6: Genomic structure 
modified organism. 



genetically 



In Fig. 6 there is shown a diagrammatical 
representation of the chromosomal gene of a pro- 
tein replaced according to the invention before 
and after cloning. The original genomic situa- 
tion (Fig. 6B) , which consists of the RF1 gene, 
a regulatory element and the gene for HemK, and 
the desired genetic situation (Fig. 6A), where 
the marker sequence of streptag II is appended 
to the gene of RF1, can be seen. Furthermore, 
the desired genetic situation comprises a selec- 
tion sequence, in this case an antibiotic resis- 
tance against kanamycin and new regulatory ele- 
ments. An organism according to the invention is 
deposited at the "Deutsche Sammlung von Mikroor- 
ganismen und Zellkulturen GmbH" under the Buda- 
pest Treaty, with the number DSM 15756 (E. 
coli/RFl-SII ) . 
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Example 7: Production of a RF 1 - de f i c i e n t lys- 
ate . 

The cultivation of three E. coli/RFl-SII 
clones (a, b, d) was performed in shaken cul- 
5 tures. The cultures were harvested in the log 

phase and decomposed by means of ultrasound. The 
RF1-SII containing lysate was divided into two 
batches, and RF1-SII was separated by different 
methods. From batch A (in Fig. 5 according to 

10 index A) RF1-SII was separated by affinity chro- 

matography at a streptactin column (500 ul lys- 
ate (= approx. 110 A 2 6o) on 200 ul column) . The 
batch B (in Fig. 7 according to index B) was 
subjected to a preincubation (400 mM NaCl) and 

15 then RF1-SII was separated over a streptag col- 

umn (500 ul lysate (= approx. 125 A 2 6o) on 200 ul 
column) . Thereafter the removal of salt by NAP 5 
was performed. The results are shown in Figs. 7A 
and B showing the detection of RF1-SII by means 

20 of SDS page and Western blot in the elution vol- 

ume. Fig. 7A shows the Coomassie staining of the 
gel. Fig. 7B shows the detection of RF1-SII with 
st reptavidin-HRP on anti-SII (monoclonal anti- 
bodies against streptag) . As a standard serves 

25 RF1-SII translated in vitro and purified. LMW 6 

is a molecular weight marker, K A a lysate from a 
genetically unmodified E. coli strain, which was 
subjected to the separation method of the batch 
A. The results show that RF1-SII was success- 

30 fully separated by both methods from the lysate. 
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Example 8: Expression of RF1-SII. 

Two E. coli strains were cloned with the syn- 
thetic DNA fragment mentioned in Example 6 (de- 
sired genetic situation) . By means of the ex- 
5 pression PCR, the proteins RF1 and HemK from the 

chromosomal DNA (E. coli K12) were amplified, 
cloned and sequenced. By means of the PCR, the 
streptag sequence (SII) was added to the gene 
for RF1, and the new regulatory elements for the 

10 expression of HemK were introduced. Both pro- 

teins were cell-freely translated, in order to 
test their e xp r e s s ab i 1 i t y and in the case of RF1 
also their functionality. Then followed the pro- 
duction of the gene cassette with the desired 

15 genomic situation for the chromosomal replace- 

ment. Three PCR fragments (with the genes for 
RF1-SII, for the kanamycin resistance and for 
HemK) were produced and ligated with each other. 
The ligation took place by using asymmetric re- 

20 striction interfaces in a one-pot reaction, i.e. 

the three fragments were ligated in one step 
with each other. The resulting DNA fragment hav- 
ing the desired genomic situation was gel- 
eluted, cloned in a vector, sequenced and ampli- 

25 fied by means of the PCR. Then followed the 

transformation of the PCR- g e n e r a t e d linear frag- 
ment in E. coli D10 by means of the electropora- 
tion. The kanamycin resistance was used for the 
selection for clones having the desired genomic 

30 situation. For this purpose, the cells were 

plated out on kanamycin plates. The four posi- 
tive clones were subjected to a counter- selec- 
tion in an amp i c i 1 1 i n - c o n t a i n i n g medium, in or- 
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der to be able to exclude that the plasmid car- 
rying an ampicillin resistance and being used 
for the amplification of the gene fragment was 
transformed. Furthermore, the presence of the 
desired gene fragment within the E. coli chromo- 
some was investigated by means of the colony 
PCR. For this purpose, a primer hybridizing 
within the cassette was combined with a primer 
hybridizing in the E. coli chromosome outside 
the transformed cassette. All four clones had 
the desired genetic situation. Fig. 8 shows the 
in vivo expression of RF1-SII in the Western 
blot. The separation of RF1-SII was performed by 
a streptactin column. The detection of the pro- 
tein was made with anti-SII (monoclonal antibody 
against streptag) . Fig. 8 shows a clear expres- 
sion of RF1-SII in the two clones a and b. The 
negative control "0" from a genetically unmodi- 
fied strain showed no expression of RF1-SII. The 
sample "K" is RF1-SII translated in vitro and 
serves as a marker and positive control. 



Example 9: Influence of the RF1 separation on 
the efficiency of the suppression in 
the regenerable system. 

Fig. 9 represents the result of the in vitro 
protein biosynthesis with a lysate according to 
the invention and an RF 1 - c o n t a i n i n g lysate. Fig. 
9A shows the Phospholmage of an SDS gel, which 
shows the respective shares of the termination 
product and of the suppression product before 
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and after the separation of RF1 in dependence on 
the quantity of suppressor t RN A . In this case, 
an enzymatic ami n o a c y 1 a t ab 1 e t RN A was used. With 
a suppressor tRNA share of 1.2 uM in the RFl-de- 
5 ficient lysate, small quantities only of the 

termination product are detectable. By the sepa- 
ration of RF1, the translation of the suppres- 
sion product is increased (Fig. 9B) and simulta- 
neously the ratio suppression p r o du c t / t e r mi n a - 

10 tion product is displaced towards the side of 

the suppression product (Fig. 9C) . Furthermore, 
the synthesis rate of the suppression product is 
increased by addition of higher quantities of 
suppressor tRNA. As a result, by separation of 

15 RF1 from a lysate, the synthesis rate of a sup- 

pression product is clearly increased, and the 
yield is thus also increased. 



Example 10: Incorporation of a non-natural amino 
20 acid. 

Fig. 10 shows exemplarily the increased in- 
corporation of bi o t in y 1 - 1 y s i ne in presence of 
RF1 in FAB P (Fig. 10A, Ph o sph o I ma g e ) . An amber 
suppressor tRNA is used, which was loaded by 
25 chemical methods with b i o t i n y 1 - 1 y s i n e (bio- 

cytin) . The marking of the translated proteins 
1 4 

with C leucine confirms the higher synthesis 
rate of biotinylated FABP in an RF 1 - de f i c i e n t 
lysate (Fig . 10B and C) . 

30 
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Example 11: Incorporation of biocytin by means 
of an amber suppressor t RN A loaded 
with chemical methods - detection of 
biotinylated proteins in the Western 
5 blot. 

Fig. 11A shows the Western blot, 11B the 
quantification of the Western blot by the detec- 
tion of chemi lumine s cence . A monoclonal antibody 
against streptag II was used, which was coupled 

10 with HRP . The Western blot clearly shows the 

strongly increased synthesis of synthetic bioti- 
nylated protein in the lysate after RF1 separa- 
tion. Furthermore, the blot shows that by the 
used method for the production of the RFl-defi- 

15 cient lysate, endogenous biotinylated proteins 

can also be removed: The endogenous BCCP rela- 
tively highly concentrated in lysates of E. coli 
is nearly not detected anymore after RF1 separa- 
tion. The quantification of the Western blot 

20 once again shows the strongly increased synthe- 

sis of synthetic modified protein in the RFl-de- 
ficient lysate and confirms the quantification 
of Example 10 performed by means of the radioac- 
tivity . 

25 

Example 12: Incorporation of biocytin in depend- 
ence on the reaction time. 



30 



With a longer reaction time, 
(biocytin) is incorporated to a 
as Fig. 12 shows. Consequently 



biotinyl-lysine 
higher degree , 
the share of 
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suppression product in the total product quan- 
tity grows. By a longer reaction time, the yield 
of the biotinylated suppression product is in- 
creased . 



